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Abstract:
22 About 50% of the Na cm/sec (p<0.005), respectively, after db-cGMP. We 39 modeled NO's effect on luminal Na + concentration along the thick ascending limb. We 40 found that NO's effect on the paracellular pathway reduces net Na + reabsorption, and 41 that the magnitude of this effect is similar to that due to NO's inhibition of transcellular
Introduction

45
As a diluting segment, the thick ascending limb reabsorbs solutes but little or no 46 water. Net NaCl reabsorption in this portion of the nephron accounts for ~30% of the permeability ratio (P Na + /P Cl -) of ~2 (5, 11, 15) .
53
NO regulates salt and water reabsorption throughout the nephron (6, 17, 26, 27, 54 32). It is synthesized by nitric oxide synthase (NOS) from its substrate L-arginine. All and thereby transepithelial NaCl and NaHCO 3 reabsorption (7, 9, 31, 33, 34) . We 58 previously showed that NO decreases the P Na + /P Cl -of the paracellular pathway in thick 59 ascending limbs via cGMP (30). However, whether this is a result of a decrease in P Na + , 60 an increase in P Cl -, or a simultaneous change in both P Na + and P Cl -in opposite 61 directions, and how these changes alter net salt reabsorption, is still unknown.
62
To calculate absolute permeabilities, one must know the transepithelial 63 resistance (Rt) which is a measure of the hinderance encountered by ions traversing an 64 epithelia through both trans-and paracellular conductive pathways. In thick ascending 65 limbs Rt -or its inverse conductance-is predominantly a reflection of the ionic 66 permeability of the paracellular pathway, determined by the barrier function of the tight 67 junctions (10, 12, 40) . Changes in these variables can affect net solute transport. Rt of 68 rat thick ascending limbs has not been reported nor has the effect of endogenously 69 produced NO on this parameter.
70
The objective of this study was to evaluate the effects of NO on a) thick 71 ascending limb Rt; b) the mechanism of action; c) the absolute permeabilities of both 10°C and placed in a temperature-regulated chamber (37 ± 1°C) with a flowing bath (1 94 ml/min). Tubules were perfused as described (4, 8) . 
103
Values were recorded with a PowerLab acquisition system and PowerChart8 software 104 (AD Instruments, Colorado Springs, CO). To measure Rt, isolated tubules were 105 transferred to the chamber, bathed and perfused with physiological saline. After a 14-106 min equilibration period, current pulses were injected (±100 nA) over a minute under 107 control conditions. Following, the test compound was added to the bath, a 15-min The corrected voltages were used to calculate the Rt for each period using cable 112 analysis, as follows,
Where: L (length of tubule); λ (space constant); V o (voltage registered at proximal end);
119
V 1 (voltage registered at distal end); R t ; I 0 (current injected at proximal end). Results
120
were expressed as specific Rt, which is the Rt normalized to unit length. given by the first-order ordinary differential equation (ODE)
where r is the radius of the tubule (21). Because J depends on: 1) active transcellular [Na ]
[Na ] 
172
The average Km for Cl -of the different NKCC2 isoforms present in the outer medulla 173 and cortex was used since: 1) it is an obligatory cotransported anion with Na + in thick 174 ascending limbs; and 2) it is the rate limiting ion for transcellular Na + reabsorption.
175
J P follows the Goldman-Hodgkin-Katz (GHK) equation at the beginning of the tubule when J A is at a maximum.
198
In equation (6) ±1554 ohm-cm and it was 6318 ± 1757 ohm-cm after adding L-arginine to stimulate NO 244 production ( Fig 1A, n=10, p<0 .05).
245
To test whether the effect of L-arginine on Rt was due to NO, we studied the 246 ability of L-nitromethylester (L-NAME), a NO synthase inhibitor, to block its effects. In 247 the presence of L-NAME (5mmol/L), the specific Rt was 7924 ± 1964 ohm-cm. After 248 addition of L-arginine in the presence of L-NAME, the specific Rt was 8463 ± 1725 ohm-249 cm, not significantly different from the value in the control period (Fig 1B, n=6) . L-NAME 250 alone did not affect Rt.
251
We next studied the effect of endogenous NO on dilution potentials and thus permeabilities. During the control period, the dilution potential was -11.0 ± 1.1 mV. After 254 adding L-arginine to the bath, the dilution potential was -9.0 ± 1.3 mV (Fig 2A, n=9, (Fig 2C, n=50 ).
263
We then investigated the effect of the membrane-permeant cGMP analogue 264 dibutyryl-cGMP (db-cGMP) on Rt in this segment. During the control period, the specific
265
Rt was 7592 ± 1470 ohm-cm. After db-cGMP (0.5mmol/L) it was 4796 ± 847 ohm-cm 266 (Fig 3, n=10, p<0 .04).
267
We next studied the effect of db-cGMP on dilution potentials. During the control 268 period, the dilution potential was -9.8 ±1.0 mV. After adding db-cGMP, the dilution 269 potential was -7.5 ± 1.1 mV (Fig 4A, n=6, p<0 .02). The calculated P Na + /P Cl -was 1.8 ± 270 0.1 during the control period and 1.6 ± 0.1 after db-cGMP treatment (Fig 4B, n=6 control), respectively (Fig 4C, n=50) .
277
The changes in permeabilities of Na -10, -11, -16 and -19 (1, 43) .
410
Some reports indicate that NO can interact with claudin proteins, and regulate their 411 expression/function in other systems (24, 28, 29) , thus this could be occurring in our 412 model.
413
We previously found that L-NAME inhibition of NOS has no effect on chloride 414 reabsorption in isolated, perfused thick ascending limbs (35) due to our experimental 415 conditions. We use L-arginine free solutions both in the lumen and the bath, so the L- actually inhibiting cGMP production therefore no conclusion can be made.
448
In summary we have reported that: 1) Rt in rat thick ascending limbs is similar to 449 that of other species; 2) NO reduces Rt; 3) NO increases absolute P Na 
452
The results here presented contribute to a better understanding on the anti-hypertensive 453 effects of NO. 
568
The effect L-arg on specific Rt in the presence of the NO synthase inhibitor L-NAME 569 (n=6). Individual experiments and means ± SEM are depicted. 
